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The Principal Soil Areas of Iowa
W. H. STEVENSON G. I. CHRISTIE O. W . W ILLCOX*
All the soils of Iowa without exception are, in respect 
to their origin, referable to one or the other of four easily 
distinguishable classes, which , are to> be found in plainly 
marked areas. These are:
t. G e e s t , or soils resulting from the secular decay of 
indurated rocks.
2. S o ils  O f  F l u v i a t i l e  O r ig in , or stream  m ade soils 
(alluvium).
3. S o ils  O f A e o l ia n  O r ig in , or wind m ade soils 
(loess)”.
4. S o ils  O f  G l a c i a l  O r ig in , or ice m ade soils (till).
This classification is not based upon technical distinctions
or carefully worded definitions but upon characteristics so 
plain that they cannot escape the mjost casual observer. Each 
of the four classes is the product of a distinct category of 
geological forces operating over wide areas and during long 
periods of time. As may readily be inferred from the differ­
ence in the nature of the forces concerned in the production 
of them,, these principal types present radical differences in 
physical characteristics and in mineralogical composition and 
hence also in natural fertility or adaptation to agricultural 
requirements.
Consequently, deductions based on observations and 
experiments made on one of these classes of soils lose almost 
the whole of their value when the attempt is made to apply 
the results to soils of another class. This consideration should 
never be lest sight of either by those conducting the experi­
ments or by those who> seek to profit by them:. All soil inves­
tigations, which may conceivably be undertaken in Iowa, 
except such as are of a general or routine nature, must be in 
the nature of studies with the object of learning the char­
acteristic of a particular class of soils. The conclusions 
reached in the study of the soils of western, Iowa, will not in 
many cases remain valid when applied to those of central 
Iowa, owing to the totally different nature of the soils in the 
two regions. Therefore, the farmer who wishes to keep in
* Dr. Willcox, Assistant Professor of Soils, resigned soon after the man­
uscript for this bulletin was written. Professor I. O. Schaub has been 
elected to fill the vacancy.
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touch with the future work of the Department of Soils of 
this institution, by a study of this bulletin and the accompany­
ing map, and especially also the excellent county geological 
maps contained in the reports of the state Geological Survey,* 
should endeavor to locate his fa,rm with respect to the major 
divisions herein recognized. He, will then be in a position to 
profit by such results as bear on the problems arising in his 
particular locality. In the succeeding pages will be found a 
definition of the principal areas as they are now known to 
exist, and a statement of some of the questions which we 
believe need detailed study in the laboratory and in the field.
The work on the glacial geology of Iowa which has been 
done in recent years by the Iowa Geological Survey has been 
the basis of our investigations of the principal soil areas, and 
this first division of the state into large soil areas, as shown 
in our soil map, is based largely upon the Iowa Geological 
Survey’s drift map. /
C la ss  I— G e e s t
Geest is the name applied to the soil which has accumu­
lated at the surface in consequence of the decomposition of 
rocks constituting the immediate outer shell of the earth. 
Geest is a term nearly synonymous with the phrase “residual 
sod.” It represents .what has been left after frost, air, and 
water have exerted their utmost solvent and decomposing 
effect on the underlying rock or other material. It is gener­
ally devoid of soluble materials, which is the same as to say 
that most of the available plant food has been leached out of 
it.  ^ For this reason geest in general does not make a very 
desirable soil. The rocks which by their decomposition have 
furnished the geest soils of Iowa are limestone, sandstone, 
and shales. Where it is the residuum left in the decomposition 
of the Niagara limestone, it is full of cherty gravel and stones; 
where the Maquoketa shale is its immediate basis, it is in the 
nature of a stiff white clay; in the neighborhood of the St. 
Peter s sandstone it is sandy; in mpny cases it forms onlv a 
thm coating on the original rock and is then valueless except 
for a poor sort of pasture. In most cases it is quite infertile, 
and it is probable that geest soils earn be made profitable only
* To be had on application to the Secretary of the Geological S'urvev tipo 
Momes. A full set of the Geological Survey’s reports is gtnerallv t o he 
found in the public libraries throughout the state ^ 0 C36
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through the use of large amounts of fertilizing materials. It 
will be from this standpoint that they will be studied.
Geest occurs chiefly in Winneshiek, Allamakee, Fayette, 
Clayton, Delaware, Dubuque, and Jackson counties, and only 
very rarely and in trivial amounts in other parts of the state. 
Even in the counties named it by no means occupies the 
whole of the surface, bei,ng covered up, especially on the 
uplands, by a deposit hereafter described as the Mississippi 
loess, a quite different material; it is also not found in the 
river “bottoms” of the area. Owing to- the patchy distribu­
tion of geest ii is impracticable to show on the map any exten­
sive areas of it. There is fortunately but little of this material 
in Iowa, though there is more of it in the adjacent counties of 
Wisconsin. Much that once existed in Iowa has been oblit­
erated and buried beneath more valuable deposits to be des­
cribed later. Less than one per cent of Iowa’s soils are 
geest.
C l a s s  II— S o ils  o f  F l u v i a t i l e  O r ig in . ( A l l u v iu m )
Soils of fluviatile origii.y often referred to under the gen­
eral name of alluvium, include such as are the result of the 
work of stream's. They generally occur in the immediate 
vicinity of the streams and are given the popular name of 
“bottom lands.” Physiographically they are classed as “first” 
and “second” bottom lands. The first bottom is the imme­
diate flood plain, subject to overflow, while the second bottom 
is of the nature of a terrace left as the stream! deepened its 
channel. Bottom lands occur all along the courses of every 
important stream in Iowa. The Missouri, Big Sioux, Nish- 
nabotna, Nbdaway, Grand, Chariton, Des Moines, Skunk, 
Iowa, Cedar, Wapsipinicon and Mississippi rivers and their 
tributaries have bottoms of varying widths. The remarkable 
fact is to be noted that the rivers of Iowa often have much 
wider bottoms than rivers in other parts of the world for 
streams of the same size. This is due to the fact that in past 
ages the rivers of Iowa carried enormously greater quantities 
of water than they carry at present. This water came from 
great melting bodies of ice which lay to the north and enabled 
the rivers to scoop out much wider valleys than they now 
would be able to do. To the same fact, viz: the sudden release 
of large volumes of water by the melting of the glacial ice, is 
due the extensive accumulations of gravelly soils along-some 
of the rivers, especially in the northern part of the state. The
5
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result of the former great activity of Iowa’s rivers is that the 
state has a much larger proportionate share of strearn-made 
soils. The total area of such soils has been still further 
increased by another series of causes. In a past age a great 
continental ice cap invaded Iowa from the east, pushing the 
Mississippi far out of its course ajnd forcing it to excavate a 
nerwi valley through Clinton, Scott, Muscatine, Louisa, Wash­
ington, Henry and Lee counties. In Muscatine and Louisa 
counties a great lake was formed. Many of the streams of 
southeastern Iowa were ponded back by this invasion of the 
ice, giving rise to conditions which caused the deposition of 
large areas of fine silt and clay. When the ice melted away 
the rivers resumed their usual courses; the lakes were grad­
ually filled up, and the areas of fine silt and clay became the 
rich, black, gumbo soil, typically developed in Henry and 
Lee counties.
It is currently believed that bottom soils are very much 
thq same everywhere. It is true that under favorable con­
ditions they are generally quite productive, but they are 
nevertheless frequently strikingly variable within short dis­
tances. This necessarily follows from the inconstant char­
acter of the river’s action. At one place the stream will 
deposit sand, at another silt, at another gravel. The soils 
made up of these varying materials must, therefore, vary in 
nature and value. A  practical classification of bottom soils 
will be possible only after a detailed survey of them has been 
made. For the present they may be considered as compos­
ing two classes, those with efficient natural drainage, either 
surface or underground, and those without. The latter 
includes a phase of the gumbo, under which is usually to be 
found an impervious substratum. This gumbo soil has proven 
rather intractable. It is never found except in situations that 
need thorough tiling. When wet it cannot be stirred with­
out puddling; when dry the plow turns it up in clods. This 
behavior has prejudiced many people against gumbo, but if 
this soil can be put in proper condition,, it will undoubtedly 
prove to be one of the most productive soils in the state. Its 
first need is effective under-drainage; the second, a treatment 
that will flocculate the dense silt and make it. mellow and 
easy to work. Studies having this special object in view will 
be undertaken by the Department.
The area occupied by the stream-made soils, though large 
in the aggregate, is still small in comparison with the total
6
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area.of the state; according to a conservative estimate it will 
not exceed six per cent. The alluvium soil areas are not 
shown on the map owing to the fact that the Department has 
not yet been ab’e to- make a detailed survey of the river bot­
toms of'the state. The greater part of the area of the state 
is occupied by the soils pfaeblran origin and the soils of glacial 
origin. These two classes of soils will always be the great 
storehouses of the agricultural wealth of the state.
G l a s s  iii— S o ils  o f  A e o l ia n  O r ig in  (Loess)
Nature of Loess: Loess is a term applied to a peculiar 
fine-grained material which covers over half of the area of this 
state, and large areas in many other states of the upper Mis­
sissippi valley. There was formerly a great controversy 
among geologists as to the nature of the loess, but it is prob­
able that it represents a vast accumulation of dust-like mater­
ial which has settled out of the atmosphere. Its formation 
occurred, of course, when climatic conditions were different 
from those now obtaining in Iowa. The wind-formed deposit 
is, generally a productive soil.
Loess is generally light colored, being of various shades 
of buff and yellow; in southern Iowa it inclines to be whitish. 
Although it has much of thé appearance of clay, it is never 
so fine and plastic as that material and very rarely makes good 
brick. It is quite porous in spite of its fine textured appear­
ance, 80 per cent of the particles composing the loess herein­
after described as the Missouri loess are smaller than grains 
of fine sand, and yet have a diameter not smaller than one 
sixty-fourth of amillimeter. This is a fortunate circumstance 
arid the one to which the. loess really ow'es its value as a soil. 
Its porosity is such that it e a s i ly  r id s  itself of excess water and 
yet,-where it is not too deep, it is enabled by capillary action 
to draw up from below sufficient moisture for growing crops. 
Extremies of wet or dry. weather, which parch or drown out 
other soils,‘have little effect upon the loess soils.
Loess rarely or never contains large pebbles or stones. It 
is usually thickest on the tops of the hills and divides, and 
especially so in the vicinity of the larger streams. The loess 
covered area of Iowa falls naturally into three divisions, each 
characterized by a material distinctive in texture, appearance, 
arid agricultural properties.
7
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Area of Ihe Missouri Loess. The loess to which the name 
of Missouri loess is here given is to be found throughout the 
area covered in whole or in part by the counties of Lyon, 
Osceola, O ’Brien, Sioux, Plymouth,' Cherokee, Buena Vista, 
Sac, Ida, Woodbury, Monona, ‘Crawford, Carroll,, Guthrie, 
Audubon, Shelby, Harrison, Pottawattamie, Cass, Adair, 
Adams, Montgomery, Mills, Fremont, Page, and Taylor. 
The loess is the only surface ..material throughout this region 
except in the area occupied by bottom lands and some of 
the steeper slopes. From the latter situation it has often 
been washed down to lower levels; in such cases the soil of 
the hillsides is derived from the glacial till, which is to be dis-
, loess in this area has less of a clayey nature than 
the loess of other parts of the state- It is, in the neighborhood 
of the Missouri river, over one hundred feet thick; the pictur­
esque bluffs along the eastern banks of that stream are com­
posed of it. To the east of the river it thins out until in 
Guthrie, Adair, Adams and Taylor counties it becomes only • 
a thin mantle insufficient to hide completely the stiff clay of 
Class IV. JThe soil of the loess has no true subsoil; the seed­
bed of the farmer is merely the upper part of the deposit 
more or less darkened by humus; it is a splendid corn soil. 
The subjects which need special investigation will be discus­
sed when the problems of the loess as a whole are considered.
In this connection it may not be amiss to refer again* to 
the very deep loess which* occurs along the Missouri river 
from Sioux City to the Missouri boundary in a belt from five 
to ten miles in width. This is ’a deposit which in nature and 
origin is a reduplication of the loess of the valleys of the Rhine 
and the Moselle in Germany, which are world-famous for 
their vineyards. In the southern part of this belt of deep 
loess, at Council Bluffs for instance, grapes flourish better 
than elsewhere in the upper Mississippi valley,-and a great 
industry in this branch of horticulture is slowly but surely 
coming into existence there. -Although the Department of 
Soils is not directly concerned in the promotion of horticul­
ture, the problems of this industry which have their seat in 
the nature of the soil will not be neglected.
Area of the Southern Iowa Loess. The loess which 
covers, in whole or in part, the counties of Adair, Madison, 
Warren, Marion, Mahaska., Keokuk, Washington, Adams, • 
Union, Clark, Lucas, Monroe, Wapello, Jefferson, Henrv
eusse iter.
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Lee, Van Buren, Davis, Appanoose, Wayne, Decatur, Ring- 
gold, Taylor, Muscatine, and Louisa, is of a somewhat differ­
ent nature from that of the Missouri loess. It is, in the first 
place, not so deep, a circumstance that affects its agricultural 
qualities to an appreciable extent; it is also whiter in color and 
apparently composed of finer particles, i. e. is more clayey in 
nature than the Missouri loess; under favorable conditions 
it forms a better wheat soil than the latter; it is doubtless 
poorer in lime. Unlike the Missouri loess it does not cover 
the greater part of the surface of the country but is found 
principally on the divides and hills, the flanks of which exjtpse 
large areas of the till of the Kansan drift sheet. As a result 
of this relation of the loess and the till, two radically different 
soils occur side 'by side throughout the southern pant of the 
state. Often a farm will lie upon both. It is easy to distin­
guish them by the following rule: The till is a stiff clay, 
full of gravel and bowlders, or “nigger heads;” the loess is a 
porous soil, is always to be; found on the higher levels, and 
except in extremely rare instances never contains gravel or 
large stones.
It is to be noted that while the loess deposits of south­
ern Iowa agree in being thinner and more clay-like than the 
loess in other parts of the’ state, there are variations from the 
uniform type which are yet to be studied in more detail. It 
is also to be noted that while each great loess area is distinct 
in itself, no hard and fast boundary line between them can 
yet be drawn. If ever, it will be done only after much/careful 
study has been made of the different regions.
Area of the Mississippi Loess. The loess which occurs 
along the Mississippi river and in portions of southeastern, 
Iowa appears to be intermediate in character between the 
loess of southern Iowa and the Missouri loess. Apparently it 
contains on the whole less lime than the latter and is not so 
clayey as the former. In many respects it resembles the Mis­
souri loess, bur could scarcely be confused with that of south­
ern Iowa, It forms a good corn soil. This area of loess, 
covers in whole or in part the counties of Howard. Winne­
shiek, Allamakee, Fayette, Clayton, Delaware, Dubuque,. 
Jones, Jackson, Clinton, Scott, Cedar, Johnson, Iowa, Powe­
shiek, Jasper, Marshall, Muscatine, Louisa, Henry, Des 
Moines, and Lee. In the northwestern part of the state the 
loess does not cover the whole countrv but occupies the ter­
ritory conjointly with the geest and alluvium.
10
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General Remarks on the Loess Soils. The same proper­
ties which give the loess, its valuable qualities are also the 
source of disadvantages. Its porous nature, which enables 
it to withstand so well extremes of wet and dry weather, ‘per­
mits the free downward passage of water, which gives rise 
in certain situations to excessive leaching and consequent loss- 
of p.ant food. It thus happens that infertile tracts, often as- 
much as fifty acres in extent, are being developed on the 
areas where the loess is rather deep and the topography rol­
ling. Nearly every farm in the loess areas is more or less 
affected in this way, and as their number and area tends to 
increase, these tracts form a subject of much concern. The 
Department is in possession of numlerous samples of such fail­
ing soils and is conducting pot culture and field experiments 
on them to determine the best methods of restoring and 
maintaining their fertility. It is to be noted that excessive 
leaching is not wholly responsible for these unproductive 
areas of the loess; another cause, namely, loss of surface soil 
through the process known as sheet erosion, is responsible to 
a large extent. This point will be more fully discussed in 
connection with the soils of the Kansan drift area.
The same quality of porosity, by permitting the free cir­
culation of air through the soil, promotes the rapid decay of 
vegetable’ matter. This is not altogether a desirable circum­
stance, for the accumulation and retention of sufficient humus 
in the soil thus becomes a matter" of difficulty. This rapid 
decay of organic mlatter creates a situation which must be 
considered when the attempt is made to bring the loess soils 
up to their highest productiveness. A  soil which is deficient 
in humus is apt to be backward in the springtime, when it is 
especially desirable that crops shall get an early start. This 
backwardness of the loess soils is well illustrated in such a 
county as Carroll, for instance, which lies partly on the soils 
of the Missouri loess and partly on the soils of the Wisconsin 
drift, the boundary line between the two areas being quite 
distinct. Both soils have about the same productiveness as 
regards corn, but it is a matter of common remark among 
the farmers of the county that the corn of the drift soils is 
eight or ten days in advance of the com of the loess. It 
remains to be ascertained how far the deficiency in humus 
is responsible for this backwardness of the loess, and to what 
extent the deficiency can be remedied by green manuring. 
This is a matter of first importance to the counties which lie
11
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near the northern limit of the corn belt where a shortening 
erven by a few days, of the time necessary for the corn to
attain its growth would be a benefit which everyone can under­
stand.
Each of the three loess areas will doubtless be found to 
have its peculiar problems, such as adaptation or hostility to 
certain crops. Thus, the loess of sduthern Iowa yields crops 
of wheat much in excess of what the farmers of the Missouri 
loess are able to obtain, but in general the situation is reversed 
as regards corn. The Department will make a special effort 
to see if these differences are traceable to differences in the 
soil that admit of being equalized.
C l a s s  IV— S o i l s  o f  G l a c i a l  O r ig in  (Till)
General Remarks on the Till. With the exception of the 
northeastern part of the state which, as stated above, is occu­
pied by geest and the Mississippi loess, the whole surface of 
Iowa has in times past been overrun by great continental ice 
sheets similar to the one now covering the surface of Green­
land. During an age when a very low temperature prevailed 
over the earth, the ice of the polar regions at times crept 
southward, crushing and grinding the rocks beneath it 
Where not covered by the geest, the loess, or alluvium the 
immediate surface stratum is simply the more or less weath­
ered rock meal ground up by the ponderous mass of ice dur­
ing its sliding motion: The sheet of earth debris left after 
the ice melted away is called glacial drift, or till, and may 
easily be recognized by the fact that usually it is a rather 
stiff clay containing pebbles of all sorts, as well as-large 
bowlders or mgger heads.” In this respect it contrasts
b le s^ T b ^ 11!1 th6i l°-uSS-’ Which V6ry Tardy contains small peb- bles. This glacial till is very thick; in Iowa it averages 200
feet, and in some places is thought to be as much as soo 
feet m thickness. Four ice sheets, each making a corre­
sponding sheet of glacid drift, invaded Iowa at different 
. rimes, but only one, the Kansan, ever succeeded in covering 
the southern as well as the northern counties of the state. As 
all these ice sheets did not come from, exactly the same direc- 
m 'u , - f j i K  difference in the character of the material 
which they brought The chief difference between the soils
i---------
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of the soils of a drift sheet has largely been determined by 
the length of time since the drift was made by the correspond­
ing ice sheet.
In order that the reader may appreciate the influence of 
time in determining the classification of the soils of a drift 
covered region into broad areas, the post-glacial history of 
a sheet of drift may briefly be reviewed. When the ice of a 
great continental ice cap, which may have covered millions 
of square miles and may have been more than 10,000 feet 
thick, melts away, there is usually left on the surface of the 
earth an accumulation of commingled rock meal, gravel, sand, 
and bowlders, which in places may be more than 500 feet 
thick. The surface of this heterogeneous m|ass of debris will 
not be smooth to begin with; as the thick bed of loose mater­
ial settles it leaves the surface stillmore pitted with depres­
sions which have no outlet, in which water may accumulate 
and stand in pools theyear around. As the bare surface 
becomes covered with vegetation, mosses and grasses grow 
in these depressions, decay, and form beds of peat. There is 
no natural drainage in such a region; its topography is said 
to be quite immature, and this may be regarded as charac­
terizing the first stage in the after history of a drift sheet-
As time passes the low places are gradually filled up 
by earth washed in from higher levels; others are drained by 
streams which begin to carve channels over the surface of 
the drift. With the establishment of natural drainage lines 
and the general obliteration of the stagnant ponds the topo­
graphy-'has entered upon the second stage of its history. It is 
now in the most favorable condition for agricultural oper­
ations; it is neither too flat nor too. rolling, but “lays just 
right,” as the farmers say. With the progress of time the 
shallow ditches of the second stage become deeper and 
deeper; they cut down into* the loose drift until the country is 
deeply furrowed by them and the topography assumes a rug­
ged, heavily rolling aspect. Farming must now be done on 
hillsides, under all the disadvantages inseparable from su :h 
situations. The topography of the country has now entered 
upon its third stage and is said to be mature.
Concurrently with this cutting tip of the surface of the 
land by running water, another process is going on which 
profoundly modifies the, original material of the till. The 
rain water not only runs off over the top of the ground, car­
rying with it loose particles, but it also sinks into the soil
14
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and dissolves out the more soluble materials. The elements 
of fertility, particularly lime and potash, are thus gradually 
removed and the longer the till has been exposed to the 
leaching action of the rain, the poorer it becomes in plant 
food. The oldest drift is therefore apt to furnish the poorest 
soil. ¡:
All this is no fanciful picture’, of interest only to the 
theoretical or speculative geologist. The above faithfully rep­
resents a sequence of events which has actually occurred 
within the limits of our state. There are in Iowa three great 
areas which represent the three stages outlined above, in each 
of which exist differing conditions vitally affecting agricul­
ture. A  clear idea of the origin of these conditions is as nec­
essary to a proper understanding and treatment of the soil 
problems growing out of them as is the art of diagnosis to a 
physician. For this reason the Department must use the 
basis of classification plainly marked out by the history of 
the are?s and must continually refer to it when discussing 
the problems with which it is dealing. For this reason also, 
it may be well to repeat the recommendation that every 
farmer, by a study of the accompanying map and the geolog­
ical map of his county (obtainable from) the State Geologist) 
should locate himself With reference to the classification herein 
adopted in order that he may appropriate such future results 
as bear on the needs of his locality.
The Wisconsin Drift Area.. The area of till which covers 
in whole or in part the counties of Lyon, Osceola, Dickinson. 
Emmet, Kossuth, Winnebago, Worth, Cerro Gordo, Han­
cock, Palo Alto, Clay, O ’Brien, Cherokee, Buena Vista, 
Pocahontas, Wright, Franklin, Hardin, Hamilton, Webster, 
Calhoun, Sac, Carroll, Greene, Boone, Story, Marshall, Polk, 
Dallas, and Guthrie, has been named the Wisconsin drift area. 
It is the largest drift sheet in the state and corresponds to 
the first stage outlined above. It is, for the most part, in 
practically the same condition in which it was left after the 
enormous mass of ice which covered it melted away, except, 
of course, that it is now covered with vegetation, A  few 
larger streams, such as the Des Moines river, flow across it, 
but these rivers are so new that they have not had time to 
extend their tributaries very far back from, their main chan­
nels. Nearly the whole territory is as -yet a monotonous 
stretch of prairie, liberally dotted with undrained ponds,
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sloughs, and lakes, many of which contain accumulations of 
unrotted peat. / On both the eastern and.western borders.of 
the area are stretches of low hills which are the terminal 
moraines made by the ice sheet.
In consequence of the absence of natural drainage lines 
+he surface ut this area is frequently so marshy and water- 
tagged that agriculture can be carried on only at a heavy dis- 
advantage and frequent loss in seasons of excessive rainfall. 
The most urgent need of thé’ farmers in this region is an 
adequate drainage system. For a full discussion of the drain­
age problem reference may be had to a former bulletin of the 
Department, No. 7$.
The soil of the area is principally a black loam, sandy 
in some places and clayey in others. It is generally rich in 
the elements of plant food and frequently jcontains small 
bowlders of various materials, including granite. It is to be 
noted that the granite bowlders of the Wisconsin till are ap­
parently as fresh as when broken from their parent ledges 
by the slowly moving ice. The presence of these undecayed 
o-ranites and also of pebbles of limestone in this till would 
not be a fact worth noticing if they occurred to the'same 
extent in the soils of the other drift sheets, but such is not 
the case. The reason and significance of this point of dif- 
ference and its value in classifying the great areas of glacial 
soils will appear later.
The chief problem of the Wisconsin area, as already in­
dicated, is to secure adequate drainage. This is rapidly be­
ing accomplished by the energetic farmers of the region, who 
are putting in each year thousands of miles of tiles. The 
unsightly and unprofitable ponds- are being emptied of their 
water and the area covered by them- brought under the plow. 
As fast as these ponds are drained, however, another nuisance 
of a totally different character frequently develops in their 
place. This is signaled by the appearance of so-called “alka- 
ii spots” ; the so-called alkali appears as a white efflorescence 
in a band of greater or smaller width around the margin of 
the former slough. Wherever this efflorescence is noticeable, 
corn makes a scrawny and stunted growth and frequently 
vjelds nothing. The farmer who has gone to the trouble 
•and expense of tiling out a swale is frequently annoyed and 
nonplussed by the appearance of this new and unexpected 
trouble. An explanation of The, phenomenon and sugges­
tions for treatment will be'found in a separate bulletin of the
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Department to be published later. It is to be noted that 
while an alkali spot is very likely to develop in connection 
with every tiled-out swale, it will cause very much less trouble 
than the previously existing- sheet of water and its probable 
appearance should in no wise deter the farmer who is in a 
position to drain such places.
Another difficulty yet to be overcome is furnished by the 
numerous small areas of peat which are to be found in the 
flatter regions of the Wisconsin drift. ‘An extended study of 
peat soils and a report on methods adopted by farmers who 
have succeeded in bringing peat bogs under profitable culti­
vation will be published within a few months. The Station 
farm at Ames contains a small area of peat soil on which the 
Department is conducting plot experiments.
The Iowan Drift Area. The area lying east of the Wis­
consin drift area and covering all or part of the counties of 
Worth, Mitchell, Howard, Cerro Gordo, Floyd, Cihickasaw, 
Winneshiek, Franklin, Butler, Bremer, Fayette, Clayton, 
Hardin, Grundy, Blackhawk, Buchanan, Delaware, Clinton, 
Cedar, Jones, Finn, Benton, Tama, Johnson, Poweshiek, and 
Marshall is covered by the till made by a great glacier which 
has been called the Iowan ice sheet. This great glacier in­
vaded the state before the Wisconsin glacier and its till is 
therefore older than that of the Wisconsin. This Iowan drift 
sheet represents accurately an area just entering on the second 
stage of the history of its topography. A  great many of the 
isolated Swales left by the melted ice have been filled 
up or drained out by natural processes and a fair 
number of natural drainage lines are being developed. 
The excess of rainfall has therefore much greater op­
portunity of flowing away of its own accord than 
is the case in the area to> the west; this of itself would serve 
to distinguish the two* areas. But the most obvious charac­
teristic of the Iowan till, and the one which enables the cas­
ual observer to distinguish it from either of the others, is the 
enormous size of the granite bowlders it contains. Reference 
has been made to the bowlders of the Wisconsin till but they 
are mere pebbles in comparison. Though the Iowan bowlders 
are strikingly conspicuous on account of their imposing di­
mensions they are fortunately not sufficiently numerous to 
interfere seriously with agricultural' operations.
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The soils of the Iowan drift sheet do not differ very 
much from those of the Wisconsin; peat bogs and alkali are 
very much rarer. As is to be expected in view of the greater 
age and better drainage of this drift sheet there exist locali­
ties where leaching has been active. # Such localities are 
usually deficient in lime and much below the normal m pro­
ductiveness. Numerous instances of the lack of fertility of 
these areas have been brought to the attention of the Depart­
ment, and a careful study will be made of typical examples o
these fields. . . , .
There appear to be certain differences in productiveness
between the Wisconsin and Iowan areas as regards certain 
crops; these may point to' differences in natura erti 1 y w ic 
may admit of remedial measures. This will be carefully m-
VeStlgThfillinoisan Drift. This is a small area in the south­
eastern part of the state occupying parts of Scott, Muscatine 
Louisa, Des Moines, Henry, and Lee counties. The great 
g;lacier which made this till invaded Iowa from Illinois and 
is hence referred to as the Illinoisan ice sheet. It was this 
glacier which pushed the Mississippi out of its course, pond­
ed up the streams of southern Iowa, and gave rise to condi­
tions which resulted in the formation of silted-up lake beds 
and extensive tracts of gumbo. Tihe Illinoisan til is, how­
ever so completely buried under the Mississippi loess that 
it rarely ever is to be found in situations where it can be cul- 
' tivated, and is not a factor in the classification of Iowa s soils.
The Kansan D r i f t  Area. One of the first and greatest 
of the ice sheets which pushed their way into Iowa from the 
frozen regions of the north was one which reached entirely 
across the state down into Missouri and Kansas. From ffs 
occurrence in the latter state the drift sheet made by this 
glacier has been called the Kansan, This drift sheet once 
covered the whole surface of the state except the north­
eastern corner. It is, of course, now hidden from view by 
the areas occupied by the Illinoisan, Iowan, and Wisconsin 
drift sheet. The Missouri loess hides it more or less com­
plete! v; in western Iowa it is only seen on the steeper hillside«?. 
The thin loess of southern Iowa usually occupies only the 
higher levels, as the alluviumi’does the lower, leaving the inter­
vening slopes for the till. The soils of the bottom lands are 
easilv distinguishable from the till. A  convenient rule for 
distinguishing the till from, the loess has already been given.
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The present topography of the whole of southern and 
western Iowa is that of a drift sheet in the third stage of its 
history as outlined above. It would be hard to find in the 
whole region a quarter section of land that has not been 
reached and drained by some ramification of natural drainage 
channels. The surface has been qut up by streams into an 
^terminable succession of valleys knd divides. As showing 
the difference m this respect between the oldest and the new­
est sheet of drift it will be interesting to compare on the ac­
companying soil map the number of streams flowing through 
such counties as Page and Ringgold with the number to be 
lound in such counties as Pocahontas or Buena Vista. An ex- 
of the map will reveal several other indications of 
e differences in the topography. In the rugged Kansan, the 
railroads follow the streams or dodge over the divides by 
the easiest route; they are therefore necessarily crooked* in 
me fiat Wisconsin area they disregard the streams and’ go 
in straight courses for many miles. The Wisconsin area is 
Gotted over with numerous lakes; the lakes which once must 
have stood on the Kansan have long since been drained and 
then basins obliterated.
It is not to be inferred, however, that drainage by tiling 
is superfluous in this region. The extensive bottom lands
n| ed A VG-ry mUch- Tlle flatter divides also would be ben- ehtted by it; in some of the most broken regions of southern 
Iowa it is almost as necessary as in some of the flattest re- 
gions of the Wisconsin drift, but for a different reason. 
Ihis is on account of the peculiar relations of the loess and 
the till. The loess, it will be here remembered, occupies the 
higher levels and is rather a porous clay; the till is more stiff 
and impervious; the former absorbs water readilv: the till 
does not. So the water flows underground over the surface 
ot the till until it comes to a place on the side of the hill 
where it seeps out. This is the reason for the existence of the
^ P^ C! S Whlch are quite o r a l l y  to be found on 
the hillsides of southern Iowa, and create a situation which 
only tiling can remedy. One hears a good deal in southern 
Iowa about hardpan” , but the so-called hardpan is nothing 
else than the till, which forms the impervious material under 
the loess.
. 0 *^  facts known about the Kansan drift* agree in
pointing to the conclusion that it is vastly older than the
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Wisconsin or Iowan areas. It has evidently been exposed tor 
a long time to the chemical action of the atmosphere and 
the solvent action of rain water. It has been leached and 
oxidized to a far greater extent than any of the others. The 
very granite bowlders found at or near the surface have felt 
the irresistible forces of slow decay and have fallen or are fall­
ing into a gritty kaolin. So thoroughly have these granites 
decayed that they can frequently be crushed between the 
bare fingers. A  few large granite bowlders are occasionally 
found; the farmers sometimes attempt to use them for build­
ing purposes, but without much success, as they crumble 
under the hammer of the stone dresser. The leached and 
oxidized surface of the till has a reddish or yellow color which 
contrasts sharply with the blue of the fresh unaltered clay 
found when digging wells. This red upper zone of the till 
has received a special name from' the geologists, who call it 
the ferretto.
It will now be seen why the presence of the limestone 
pebbles and unaltered granite at the surface of the Wisconsin 
till was emphasized above. Their presence is an indication 
of the presence of fresh rock meal and abundant mineral 
food; their absence from the ferretto is an indication of a lack 
of plant food. If the covering of loess should be stripped 
from southern and western Iowa, those regions would be 
regions of red clay hills which would certainly be quite unpro­
ductive. Fortunately the loess covers the red, barren clay 
out of sight; only in occasional instances does it appear in 
spots where the loess has been removed by sheet erosion. 
Where it forms part of the soil of a cultivated field it is a1mos.t 
uniformly unproductive and valueless, except when liberally 
manured. ,In most cases the ferretto has been washed off the 
steeper slopes; the seed bed of the farmer is then the raw,.un­
weathered, deeper part of the till, fairly rich in the mineral 
elements of fertility, but not in nitrogen. In either case the 
Kansas till furnishes a poor soil, but as is apparent from what 
has been slated, the trouble in the two' cases is grounded 
in radically different reasons, which, of course, will call for 
different treatment when measures are to be taken to restore 
their fertility. A  proper system of rotation and careful man­
agement designed to promote the formation and retention of 
a richer'soil-wi’l do much for these clay hillsides. It is, how­
ever, unlikely that they can ever be brought up to the stand­
ard set by more favored sections of the state. A  comp-re-
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hensrye series of field and laboratory experiments is being 
carried out with the view of determining the most effective 
and economical treatment.
It may be permissible to state here one conclusion which 
must appear seif evident in view of the existence in Iowa of 
such markedly different soil areas. .’„This is the need of branch 
stations, owned or controlled by thk State Experiment Sta­
tion, on each of the principal areas outlined. Progress by 
means of soil experiments has been delayed more by a failure 
to take into account the varying nature and origins of soil 
than by any other cause; for instance, agricultural literature 
is full of the most diverse and conflicting statements regarding 
the benefits to be derived from the use of lime and land plaster. 
This condition of things is largely due to an inappreciation of 
the character and peculiarities of the soils experimented upon. 
The Experiment Station at Ames is located in the Wisconsin 
area,; experiments conducted on the Station field have a defin­
ite value in application to the Wisconsin and Iowan areas and 
to most of the alluvial soils. Beyond these areas their applica­
tion is at best of doubtful value. To serve all sections of the 
state with equal efficiency, the Department of Soils should 
have an opportunity to conduct experiments on at least one 
farm in each of the three loess areas. Such freedom of experi­
mentation as is indispensable for the best results can only be 
secured on a plot controlled by the Station and maintained at 
Station expense.
Probably the mlost serious soil problem in Iowa arises 
from the fact that the loess and till, are both easily washed 
and cut up by the rush of water during heavy downpours of 
rain. Tiwo factors combine in this work of destruction of good 
farming land. One is the loose, incoherent nature of both 
the loess and the till; the other, the ragged, mature character 
of the topography of the older drift areas, this, of course, 
does not apply to the areas covered by the younger till nor to 
the flat divides Elsewhere in the state; the farmers in such 
areas are not worried by fear that their soil will be washed 
away; their chief concern is rather to free their land of surplus 
water. The case is quite'otherwise where the topography is 
rolling. It is no exaggeration to say that 60 per cent of all , 
the farms of Iowa, outside of the Wisconsin and Iowan areas, 
are located on hills that slope at angles of ten to thirty-five 
degrees. Where the surface of such a slope is broken up by 
the plow it is an easy matter for a heavy rain to wash more or
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less of the surface soil down the steep hillside. If this process 
is repeated at frequent intervals, the most valuable part of the 
soil is finally washed away. What was originally the subsoil, 
poor in available plant food, is thus exposed at the surface and 
soon demonstrates its infertility. This loss of valuable surfa.ce 
soil is not the only serious outcome of this easy susceptibility 
to erosion. Unless their apearance is carefully watched for 
and prompt measures taken, to check their growth, gullies are 
formed during heavy rains and grow with each succeeding 
downpour until they furrow and ravine a farm beyond the 
point where cultivation is practicable. Accurate statistics of 
the damage resulting from this latter cause are not at hand, 
but it is certain that each year thousands of valuable Iowa 
farms are permanently injured by it. It would be unwise to 
minimize the real seriousness of this source of loss, especially 
since intelligent management will very largely reduce it. The 
Department is giving attention to this subject and expects to 
issue a bulletin on the methods of preventing soil washing. 
Many farmers of Iowa have been forced to give this problem 
'careful attention and study in order to save their farms; the 
proposed bulletin will in large part consist of a report of meth­
ods already in use. Many of these methods show decided 
ingenuity and an intelligent grasp of the requirements of dif­
ferent cases, and it is'with the hope of discovering others that 
the Department cordially invites every farmer who has studied 
the problem to forward a report covering his efforts in this
direction.
S u m m a r y
There are four distinct classes of soils in Iowa: geest, 
al1uvium, loess and till. ¡The loess and till are the most im­
portant.
There are three distinct areas of loess soils, the Missouri 
loess in western Iowa; the Mississippi loess in eastern Iowa, 
and the loess of southern Iowa.
There are three distinct areas of glacial till, the Wiscon- 
sin, the Iowan, and the Kansan. In their relations to agricul­
ture these are typically characteristic of the age of the till.
Some of the soil problems which these different areas 
present for careful study and investigation are as follows:
i. Drainage, which affects especially the Wisconsin l/* 
drift area and the wide river bottoms, and, in a less degree,
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the Iowan drift area and the hilly Kansan drift area in south­
ern Iowa.
Treatment of the so-called alkali spots of the newer 
drift areas. <
" r Treatment calculated to bring- into successful culti- 
vation the numerous small areas ohpeat in northern Iowa.
4- Treatment to restore the fertility of the leachy areas 
of the loess and the Iowan drift area.
5. Treatment of the gumbo, the geest, the ferretto, and 
the clay hills of southern Iowa according to the special re­
quirements of the different cases.
6. Prevention of soil erosion, which is the source of 
enormous loss to Iowa, and a constant menace in hilly regions.
7. To promote the forwardness of the loess soils.
8. To find the reasons for the difference in productive­
ness shown by certain areas as regards certain crops, as, for 
instance, wheat, and to find how these may be equalized, if 
equa’ization is possible.
9. To determine the most practicable system of crop 
rotation for each principal area.
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